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(54) Water treatment system based on denitrification 



(57) To allow compact and simple design of a water 
treatment system capable of denitrification, an anaero- 
bic treatment vessel 3 is provided downstream of an aer- 
obic treatment vessel 2, and a filter layer 5 having a large 
number of carriers for microbes filled therein is formed 
in the anaerobic treatment vessel so that sulfur contents 



may be reduced by sulfate reducing microbes bred in 
the filter layer and the nitrate nitrogen is gasified by sul- 
fur denitrification microbes with the aid of the sulfides 
thus obtained. In particular, the carriers preferably com- 
prise a floating filter material in the form of plastic foam 
blocks that can float in the water. 
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Description 
TECHNICAL F1FI n 



10001 J The present invention relates to a water treatment system which is capable of biologically denitrifvino „h™ 
components in the water with the aid of microbes. °joiogicany aenitrifymg nitrogen 



BACKGROUND OF THE INVENTION 
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I0002J According to a known water treatment system for denitrifying nitrogen components in the water which are an 
|0003J However according to such a conventional water treatment system, an aeration process of a Icnn .imp h„ 

c W c me S P ' Ping arran 9 emen,s and pumps are required, and it tends to undesirably 



2S BRIEF SUMMARY QP TH£ INVENTION! 



NH/ + (3/2)O a -V NO/ + H 2 0 + 2H + 
and by v,r, uo o. .he activities of Nitrobactor, Nitrocystis, etc., the fo.lowing chemical reaction takes place 

N0 2 + (1/2)O z -+ N0 3 \ 



sc thaTme L?^ , '"J" 6 W3S,e W3,er SUbjeC,ed 10 dec ^Position and fixation ov .ere, 

So9 m^hf h" ° Xy9en d6mand) ' C ° D (ChemiCa ' ° Xy9en demand > and SS (depended so.ids) , 
[0009] In the .naerob.c treatment vessel on the downstream end, sulfur contents such as sulfates in the 



by aerobic microbes 
are reduced, 
waste water 



0979803A2 I > 



2 



EP 0 979 803 A2 

are reduced to hydrogen sulfide with sulfate reduction microbes such as Desulfovibrio desulfuricans or the like as a 
^ sulfate respiration process. This reaction may be expressed as given in the following. 

5 * , S0 4 2 " + 4H a + H + -> HS' + 4H 2 0 

The hydrogen sulfide thus obtained as a result of sulfate reduction is oxidized into sulfates with the aid of sulfur deni- 
trification microbes such as Beggiatoa and Thiothrix while the nitrate nitrogen obtained in the nitrification process in 
the aerobic treatment vessel is converted into nitrogen gas. This reaction may be expressed as given in the following. 

10 

5HS* + 8N0 3 : + 3H + 5S0 4 2 * + 4N 2 + 4H 2 0 

The nitrogen gas produced from this nitrification process is finally released to the atmosphere. Additionally, in the 
15 anaerobic treatment vessel, denitrification of the remaining organic substances by heterotrophic denitrification mi- 
crobes takes place at the same time. 

[0010] Thus, according to the present invention, by using a filter layer having a large number of carriers for microbes 
filled therein in the anaerobic treatment vessel, the useful microbes can be kept in a highly active state, and a denitri- 
fication process can be carried out without requiring any carbon source. As a result, the need for the facilities tor adding 

20 a carbonaceous substance can be eliminated. Also, the anaerobic treatment vessel may be placed on the downstream 
end of the aerobic treatment vessel so that the need for piping arrangements and pumps for recycling the nitrified liquid 
can be eliminated. The sulfate reduction process requires sulfur contents, but as the waste water normally contains 
sulfur contents matching the nitrogen content, addition of sulfur contents are normally unnecessary. If the waste water 
lacks adequate sulfur contents, it may be preferable to provide a source of sulfur contents in view of maintaining a 

25 stable treatment process. 

[0011] The aforementioned carriers preferably consist of porous material which can favorably retain microbes. The 
carriers may form a fully sunk, stationary filter layer in the water, or a fluidized bed by fluidization, but more preferably 
form a floating filter layer by having a specific weight suitable for floatation in the water. According to the latter arrange- 
ment, as compared to the stationary filter layer, the efficiency of the contact between the waste water and the microbes 

30 can be improved, and the activity of the microbes can be enhanced, with the result that the time required for treatment 
can be minimized. Also, as compared to a fluidized bed, the biological film has a reduced tendency to peel off from 
the carriers and mix into the waste water so that the need for a post-precipitation process can be eliminated. The 
floating filter material may consist of fibrous material, for instance, but more preferably consist of blocks of foamed 
plastic as they are more durable and less likely to be washed away. 

35 [0012] According to a preferred embodiment of the present invention, the floating filter layer has a large depth so 
that the sulfate reducing microbes and the sulfur denitrification microbes may be bred in upper and lower parts of the 
floating filter layer in a substantially mutually exclusive relationship. Thereby, the activities of the microbes of each of 
the two different groups can be maintained at to a high level, and the overall efficiency of the water treatment can be 
enhanced. 

40 

BRIEF DESCRIPTION OF THE DRAWINGS 

[0013] Now the present invention is described in the following with reference to the appended drawings, in which: 
[0014] Figure 1 is a diagrammatic view of a water treatment system embodying the present invention. 

4S 

DETAILED DESCRIPTION OF THE PREFERRED EMBODIMENTS 

[0015] Figure 1 illustrates a water treatment system constructed according to the present invention. In this water 
treatment system, the waste water to be treated is first passed through a screen 1 to remove garbage therefrom, and 

50 is then purified by being passed through an aerobic treatment vessel 2 and an anaerobic treatment vessel 3 in that order. 
[001 6] In each of the vessels 2 and 3 for aerobic and anaerobic water treatment, a retaining grid 8 and 9 for preventing 
filter material from being washed away separates the interior of the vessel into upper and lower parts, and a floating 
filter layer 4 or 5 is formed by a large number of blocks of floating filter material with the retaining grid retaining the 
filter layer under the retaining grid against the buoyancy of the filter material. 

55 [0017] The floating filter material in this case consists of particles (having a diameter of 10 to 30 mm, for instance) 
of foamed plastic or the like, and has a specific weight slightly smaller than or similar to that of the water so as to 
demonstrate a suitable amount of buoyancy. Microbes attach to the surface of the filter material by forming biofilm 
thereon, and breed therein. 
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cs. a^rr::^ 2 and 3 ' ,he was,e wa,er f,ows * <™ a *~ * 

as can be readily ^^JSSK^l TT? ,hf ° U9h byer 4 and 5 ' Howe * er - 

within the purview of the present Lemion ' ' pOSSlb,l,,ies of ,he dir ^ion of flow in each vessel is 

and back-washing the fitter layer to preven clo" tl^i P ^ eeP ' n9 ,he f, ° a,ing ,il1er ^ aera,ed 
the like. On the Cher hand, the ^^^^,^1^ i^T ' SUPP ' y ° f * hiwy °*™* n 0r 
purpose of back-washing the filter laveTand LX,N ° ,heanaeroblc treatment ves sel 3 is provided solely for the 
no, disturb the anaerobic condition fn , he vessel " " " 935 SUCh 35 nitr0 9 en would 

ssLir^zx^^sr v b e r 2 breed aerobic microbes *"* 

nitrification microbes, which nitnfi3roqen content ZT " *" The f '° atin 9 fil1er * 'eTains 

process or theoxidizationofnttCnl^ 

-nttl^ n he rnl^ ^ — reduction microbes and su„ur 

contents in the water, and the obta ne sutt ides a e foT h 3 f ^ fedUC,i ° n r6aCti ° n '° r redUcin 9 ,he s "»" 
gasify the nitrate nitrogen obtained X^S^T ^STT * d6nitrifica,ion ™^ which 
given with a relatively large depth (3 m or instate s Zl If ,h ' S COnjunc,ion - the flo ^9 fitter layer 5 is 
microbes may bnJp^^^^^J^^ reduc,ion mic '° b <* and the sultur denftrification 
reduction and sulfur deni1rificati<£ 'may tete oL^^l! r ^ ^P 6 *'" 6 '* and * he ,W ° pf0cesses of 

may also t.k. various otha, toms da„„a" ™ "If „, " k " ™" by Such an »*<**»««. but 

*^b« wfc r t '-rLtssszsr 

[Example] 

t^cV^^^^^ - d bating M water. The waste water in 

was one hour in each of the aerobic^ a£S* JJS^SST??" T- "T** The reSident time 

in the T-N (total nitrogen content) resulting Tuom hlT^ ? ^ indica ted a drastic reduction 

of denftrification which was a^?^^^£"? treatment as shown in the table below, and a high level 
BOD and SS were also reduced to substant^eSnHn L P effeC,iveness ot ,he P"*"* inventbn. The 

by the.anaerobic treatment. There 





waste water 


aerobic treatment 


anaerobic treatment 


BOD 


30.2 


5.2 


4 -3 


T-N 


7.7 


6.1 


0.81 


SS 


22 


4.8 


3.2 


T-S 


8.3 




8.2 



nqua .ton, tha aa.obic t.aatm.nt vaaT."bact ,„T an,. 2 ? T™' ° "° a, ™»» me ™ *» ™cycfc B «• "Hulled 
and p„ mpS , i£ ,a,ui,ad. vJ^^^^S^TT ^ PiP " ,! ' 

reduca v.tloua aoata including the ceil to paw", P " C,U '° °' 0,5 °" 8 ' a " 8 * s ">" 1 

fbT^to^r:^^ 
b, 9 n,.u,,.d,„i,*., to „ ca „ beachi -rr^^^^^ 
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therefore allows a substantial reduction in the treatment time, and a reduction in the necessary floor area through 
compact design. Furthermore, no post-precipitation process is required, and this also contributes to the simplification 
of the structure of the system. 

[0026] Although the present invention has been described in terms of preferred embodiments thereof, it is obvious 
to a person skilled in the art that various alterations and modifications are possible without departing from the scope 
of the present invention which is set forth in the appended claims. 



Claims 

1. A water treatment system based on denitrification, comprising: 

an aerobic treatment vessel for decomposition and fixation of organic substances and nitrification of nitrogen 
components based on oxidization of said nitrogen components into nitrate nitrogen using nitrification microbes; 
and 

an anaerobic treatment vessel connected to a downstream end of said anaerobic treatment vessel and having 
a floating filter layer for denitrification based on gasification of said nitrate nitrogen; 

said floating filter layer in said anaerobic treatment vessel including a large number of carriers for microbes 
filled therein whereby sulfur contents is reduced by sulfate reducing microbes bred on said carriers and said 
nitrate nitrogen is gasified by sulfur denitrification microbes bred on said carriers with the aid of said sulfides 
thus obtained. 

2. A water treatment system according to claim 1 , wherein said aerobic treatment vessel includes a floating filter layer. 

3. A water treatment system according to claim 1 , wherein said carriers comprise foamed plastic particles formed as 
a floating filter layer. 

4. A water treatment system according to claim 3, wherein said floating filter layer has a large depth so that said 
sulfate reducing microbes and said sulfur denitrification microbes may be bred in upper and lower parts of said 
floating filter layer in a substantially mutually exclusive relationship. 
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(57) To allow compact and simple design of a water 
treatment system capable of denitrification, an anaero- 
bic treatment vessel 3 is provided downstream of an aer- 
obic treatment vessel 2, and a filter layer 5 having a large 
number of earners for microbes filled therein is formed 
in the anacrotic treatment vessel so that sulfur contents 



may be reduced by sulfate reducing microbes bred in 
the filter layer and the nitrate nitrogen is gasified by sul- 
fur denitrification microbes with the aid of the sulfides 
thus obtained. In particular, the carriers preferably com- 
prise a floating filter material in the form of plastic foam 
blocks that can float in the water. 
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